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Abstract 
In order to improve the energy utilization efficiency of thermal power plants and to solve the heating shortage 
problem in China, the absorption heat pump is usually employed to recover the heat of turbine exhaust steam for 
heating supply. In the existing references, few researchers considered the heating load characteristics when designing 
the recovery system. In this paper, the design thought of heat recovery system of turbine exhaust steam using 
absorption heat pump for heating supply based on heating load characteristics was presented. With an engineering 
case, the heat recovery system was designed and its economic efficiency was calculated. 
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1. Introduction 
In thermal power plants, the heat loss of turbine exhaust steam is the largest part among the heat 
losses. Recovery of this exhaust heat is of great importance to improve the energy utilization efficiency of 
thermal power plants. The utilization of the exhaust heat is limited due to its low energy level. In north 
China, many areas have difficulties in heating supply because of the rapid development of urban 
construction. Based on the fact, the heat recovery of turbine exhaust steam is considered for heating 
supply, and the absorption heat pump is usually used to recover the exhaust heat. In this case, the 
absorption heat pump employs the extraction steam from the turbine as the driving heat source, and the 
turbine exhaust steam as low temperature heat source.  
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This subject has been studied by many researchers. But in the existing references, few researchers 
considered the heating load characteristics [1-4]. During the heating period, the outdoor temperature 
changes day by day, this leads to the change of the heating load. Thus the heat pump system is usually 
under variable working condition. When designing the heat recovery system of turbine exhaust steam 
using absorption heat pump for heating supply, the choice of the heat pump power is the key point, which 
will have a decisive impact on the economic efficiency of the system. Based on the consideration above, 
in this paper, the design thought of heat recovery system of turbine exhaust steam using absorption heat 
pump for heating supply based on heating load characteristics was presented. With an engineering case, 
the heat recovery system was designed and its economic efficiency was calculated. 
2. Heating load characteristics 
The heating load is used to heat the air from indoor temperature to the design temperature, and it 
depends on the temperature difference between the indoor temperature and the outdoor temperature. 
Generally, the design temperature is constant. So the heating load mainly depends on the outdoor 
temperature. During the heating period, the outdoor temperature usually changes every day, which leads 
to the change of the heating load. In addition, for different regions, the heating load characteristics are 
also different. The heating load characteristics are usually expressed by the heating load duration graph. 
According to the reference[5], the heating load characteristics could be calculated by the followed 
dimensionless formula 
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temperature; jwt  is the calculated outdoor temperature during the heating period; Np  is the days of the 
heating period; N is the duration days for a certain outdoor temperature during the heating period; wt  is 
the average outdoor temperature during the heating period; hQ  is the heating load coefficient (the ratio 
between the real-time heating load and the maximum heating load). 
These above parameters for a certain region are constant, and can be obtained from the local 
meteorological data. The typical characteristic curve of heating load is shown in Figure 1. 
3. Load characteristic of absorption heat pump for heating supply 
When the heat recovery system of turbine exhaust steam using absorption heat pump are used for 
heating supply, the whole heating system is composed of the absorption heat pump system and the heater 
for heating network. The absorption heat pump, which is driven by the extraction steam from the turbine, 
absorbs the heat carried by the cooling water from the turbine exhaust steam, to heat the backwater of the 
heating network. The water of the heating network then is heated again in the heater for heating network 
and finally sent to the heat consumers. The extraction steam is condensed to drainage water and then 
returns to the regenerative system after heat release in the heat pump and the heater. The whole heating 
system is shown in Figure 2. 
Assuming that the temperatures of the supply water and backwater for heating network are wot  and 
wit , the water flow rate is wD , the outdoor temperature is wt , then the heating load can be expressed as      iwiwiwiwowp ttKttKttDcQ    ih                                                                            (2)  
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Fig. 1. The typical characteristic curve of heating load                                           Fig. 2. The whole heating system 
where K and iK  are the coefficients relevant to the building heating, pc  is the specific heat. 
In actual operation, the water flow rate or temperature should be controlled to meet the requirements 
of the heat consumers. Using the water temperature control method, the temperatures of the supply water 
and backwater should be controlled to meet the heating load while the water flow rate keeps constant. In 
order to ensure the heating load, the backwater temperature should be ensured when the outdoor 
temperature changes.  
Assuming that the corresponding temperatures of the supply water and backwater are jwot and 
j
wit  
when the heating load is at its maximum maxhQ , respectively; ignoring the changes of these coefficients, 
then 
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According to Equation (3), the temperatures of the supply water and backwater and the heating load 
under different outdoor temperatures are presented in Figure 3. As shown in Figure 3, the temperatures of 
the supply water and backwater both decreased with the increase in the outdoor temperature. 
The outlet water temperature of the lithium bromide absorption heat pump is generally less than a 
certain value due to the limitation of its performance. When the supply water temperature of the heating 
network is larger than the certain value due to the low outdoor temperature, the outlet water temperature 
of the heat pump cannot meet the heating load, and then the heater for the heating network must be 
operated. As the backwater temperature increases, the actual heating load of the heat pump decreases with 
decreasing the outdoor temperature. Thus, in the heating system shown in Figure 2, the maximum heating 
load of the heat pump could just reach point B in Figure 3. 
In actual operation, if the heat pump power is designed as different values, the operation mode of the 
heat pump would be under different forms as shown in Figure 4. 
 (1) When the design power of the heat pump is not larger than the corresponding power at point C, the 
heat pump could operate under the design power during the whole heating period, as shown in curve 1 in 
Figure 4; 
(2) When the design power of the heat pump is between the corresponding value at point C and that at 
point A, the heat pump could operate under the design power when the outdoor temperature was low, and 
it is limited by the heating load under higher outdoor temperature, as shown in curve 2 in Figure 4; 
 (3) When the design power of the heat pump is between the corresponding value at point B and that at 
point A, the heat pump is limited by its power curve under low outdoor temperature and limited by the 
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heating load under higher outdoor temperature, so it could just operate under design power within a 
certain range of the outdoor temperature, as shown in curve 3 in Figure 4; 
(4) When the design power of the heat pump is equal to the corresponding value at point B, the heat pump 
is limited by its power curve under the low outdoor temperature and limited by the heating load under 
high outdoor temperature, so it could just operate under design power at point B, as shown in curve 4 in 
Figure 4.  
For a heat pump, the supplied heating quantity during the heating period is equal to the area 
surrounded by the heating load duration graph as shown in Figure 4. The income of the heat pump is 
dependent on the recovered exhaust heat quantity, and is proportional to the heating quantity of the heat 
pump when the COP (Coefficient Of Performance) is constant. As the investment of the heat recovery 
system is dependent on the heat pump power, therefore, an optimal heat pump power should be chosen to 
realize the maximum profit. 
                 
Fig. 3. The relationship between the temperatures of the                              Fig. 4. The operation mode of the heat pump 
supply water and backwater and the outdoor temperature
4. Calculation model of the profit for heat recovery system 
For a certain design power, the actual operating load )(WP  of the heat pump is determined by the 
heating load duration graph and the operation mode curve mentioned above. The recovered exhaust heat 
quantity nQ  during the heating period can be calculated by 
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The increased heating capacity at the design heat pump power is assumed as P' , then the increased 
heating quantity during the heating period is 
WWI dPQ
PN
t )(
0
³'                                                                                                                                         (5) 
where )(WI  is heating load coefficient in Figure 1. Therefore the income from increased heating quantity 
is 
ttt rQC                                                                                                                                                      (6) 
where tr is the heating price. 
tQ  is always smaller than nQ . This shows that, the recovered exhaust heat is not only used in 
heating supply, but also in electricity generation. In other words, the recovered exhaust heat reduces the 
coal consumption by reducing the extraction steam in electricity generation. 
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The difference between tQ and nQ  is the energy corresponding to the coal saving 
tne QQQ                                                                                                                                                (7) 
According to the theory of equivalent heat drop, the coal saving in electricity generation can be 
calculated by 
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where jD , jW  , jK  are the steam extraction coefficient, the feedwater enthalpy rise and steam extraction 
efficiency for No.j heater, respectively; 1it  is the outlet water temperature of No.(i-1) heater, hq  is the 
heat release per the heating extraction steam, Ht  is the backwater temperature of the heating extraction 
steam; mK , gK  are the mechanical efficiency and the generator efficiency; nb  is the coal consumption 
rate of the condensing steam in electricity generation. 
And hence the income from coal saving in electricity generation is 
bb BrC '                                                                                                                                                  (9) 
Where br  is the price of the standard coal. 
Finally, the total income from the heat recovery system is 
tb CCC  0                                                                                                                                              (10) 
The cost of the heat recovery system mainly includes the initial investment and the operating cost. 
The initial investment is usually proportional to the power of the heat pump. The operating cost contains 
the cost of auxiliary power and the salary of the operators. Another cost that should be considered is the 
income tax. 
Assuming the total cost of the heat recovery system each year is cC , the income tax is cK , then the 
annual after-tax profit for heat recovery system each is 
)1)(( 0 Ccp CCC K                                                                                                                          (11) 
The rate of return on investment is 
ipp CC / K                                                                                                                                                (12) 
Where iC  is the initial investment. 
5. An engineering case study 
For the certain unit C300-16.7/0.43/537/537, the heat recovery system of turbine exhaust steam 
using absorption heat pump for heating supply based on heating load characteristics was designed. The 
main original data for the design are listed in Table 1. 
Figure 5 shows the annual after-tax profits at different design power of heat pump, and Figure 6 
shows the rate of return on investment at different design power of heat pump. As shown in the two 
figures, when the design power of the heat pump is 262.2MW, the annual after-tax profit reaches the 
maximum value; when the design power of the heat pump is 213.3MW, the rate of return on investment 
reaches its maximum value. 
6. Conclusion 
Based on the heating load characteristics, the heat recovery system of turbine exhaust steam using 
absorption heat pump for heating supply was presented. For the certain unit C300-16.7/0.43/537/537, the 
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design results show that, when the design power of the heat pump is 262.2MW, the annual after-tax profit 
reaches the maximum value; when the design power of the heat pump is 213.3MW, the rate of return on 
investment reaches its maximum value. 
Table1   The main original data for the design 
No Items Units Values 
1 calculated outdoor temperature for heating ć -8 
2 Days of the heating period   d/yr 120 
3 Price of standard coal RMB/t 400 
4 Price of electricity RMB/kWh 0.43 
5 Heating price RMB/GJ 35.48 
6 COP of heat pump  1.7 
7 initial investment of heat pump per MW RMB/MW 40,0000  
8 electrical load of heat pump system per MW kW/MW 4 
9 income tax % 25 
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Fig. 5.  Annual after-tax profits at different design                          Fig.6.  Rate of return on investment at different design 
power of heat pump                                                                                    power of heat pump 
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